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DE-ORBIT INSTRUMENT PACKAGE 

CROSS REFERENCE TO RELATED PATENT APPLICATION 

This patent application is a continuation-in-part United States Patent 
Application 10/022,858 filed Decemt)er 20, 2001 entitled De-Orbit Instrument Package 
which is incorporated herein by reference which relates to United States Provisionai 
Patent Application Serial No. 60/256.475 filed on December 20, 2000 entitled De-orbit 
Instrument Paclcage t)oth of which are incorporated herein by reference. 

FIELD OF THE INVENTION 
The present invention relates to de-orbiting instrument paclcages for 
housing scientific Instruments and in particular de-orbiting instrument paclcages 
adapted to be launched from space. 

BACKGROUND OF THE INVENTK)N 

It is well known that it is scientifically useful to obtain Information from 
space. One type of data that is useful is data that is obtained firom an instalment that 
orbits around the earth in decaying fashion herein refenned to as de-orbiting. 

The two most common existing methods of obtaining de-orbiting 
observations or de-orbiting data are an instrument launched with a sounding rocket 
and an instrument on board a small satellite (referred to as a microsat). The sounding 
rocket launch can generate high vibration and thermal environments. Accordingly ti^e 
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shock and vibration loads which a sounding rocltet subjects a small payload 
(instrument) to are high. For example, a 20 lb payload to be launched on an Orbital 
Science Viper should be designed to withstand quasi-static loads of approximately 
lOOg's, while on the shuttle, the same payload should be designed to withstand 40g'8 
5 (Reference: Simplified Design Options for STS Payloads by David A. Hamilton, 
NASA. 1988). The portion of any space payload's weight which is considered 
structural, rather than functional is from 25% to 50% of the entire payload. 

On the other hand, the microsat instrument paclcages are normally 
designed for tong lifetimes (2-3 years), which require electronics capable of surviving 

1 0 the high radiation environment of space. Rad hardened (electronic details modified to 
increase sun/ivability In radiation environment) components are particularly expensive, 
compared to equivalent terrestrial one . In addition to being expensive, the selection of 
components which are qualified for high radiation environments are restricted, becaus 
only a subset of available terrestrial technologies become qualified for high space 

15 radiation environment. 

Moreover, a sounding rocl(et or microsat operation must be carefully 
planned well in advance and Vne launch date (and thus operational date) Is nonnally 
moved only by a serious geophysical event. Another limitation associated with the 
sounding rocket is that its shape must be a falriy thin cylinder. The lack of flexibility in 

20 the design can represent a major challenge for some types of instalments where the 
influence of shape can be significant (e.g. optk»l paths). 

Therefore, it wouM be advantageous to provide a device whose payload 
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design load factors are much lower than can typically be realized with a sounding 
rocic t. Similarly it would be advantag ous to provide an instrument packag whereby 
the shock and vibration levels that need to be withstood are reduced as compared to a 
sounding rocl^et. Further, it would be also advantageous to provide a device which has 
5 more flexibility in the design of the payload; which can be launched at any convenient 
time with respect to desired observations; and whose observation time for obtaining 
infonmation can be extended for several days. Still further it would be advantageous to 
provide an instrument paclcage that can use generally available components rather 
than rad hardened components. 

10 

SUMMARY OF THE INVENTION 

The present invention is a de-orbit instrument pacicage for carrying on 
board observatton instmments for launching from space. The instrument Includes a 
housing, a power supply, a communication system and an internal instrument volume. 

1 5 The housing includes a protective skin and is adapted to be launched from space into 
a de-orbit pattem. The housing has one side and an opposing skle and a tie down 
mechanism which extends from the one side to the opposing side. The power supply 
is secured in the inside of the housing. The communication system is operably 
connected to the power supply for transmitting data to a locatton remote from the 

20 instmment package. The internal instrument volume is inside the housing and is 
adapted to receive scientific instrument connectable to the communication system. 
The instrument package may include an on board control system operably connected 
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to the power supply. 

In another aspect of the Invention the space launched de-orblt Instmment 
package for carrying on board ot>servation instruments Includes a housing, a power 
supply, a communication system and an internal instrument volume. The housing 
5 Includes a protective skin and Is adapted to be launched from space into a de-orbit 
pattern. The housing has a base plate and outer walls. The base plate has stiffness 
and thermal Inertlal properties that are greater than those of the outer walls. The 
power supply Is secured in the inskle of the housing. The communication system Is 
operably connected to the power supply and is for transmitting data to a location 
10 remote from the instrument package. The intemal Instrument volume inside the 
housing Is adapted to receive at least one scientific Instrument connectable to the 
communication system and the scientific Instmment is adapted to be attached to the 
base plate. 

In a further aspect of the invention a process for launching a deorbiting 
1 5 instalment package from a space orbiting platfbmi includes the steps of releasing the 
package, deploying a chute and ort)iting the earth. The Instrument package has a 
chute, a communicatton system, and Instruments including package Instruments and at 
least one scientific Instrument. The scientific Instrument is opei^bly connected to the 
communication system. The instrument package is robotically released fifom the space 
20 orbiting platfbnn. The chute is deployed when the Instrument package is at a 

predetermined distance from the space orbiting platform thereby slowing down and 
stabilizing the instrument package. The instrument package ortMts the earth. Data is 
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collected by the instruments and transmitted to a communication receiver. 

A number of advantages can be realized by the present invention. 
Specifically the instrument paclcage provides a means of obtaining high attitude 
measurements or pictures of the planet or associated materials or atmospheric 

5 conditions with near field types of sensors. The Instrument paclcage is able to provide 
a means of obtaining this information for a period of several days. The extended 
period of observation is helpful for some types of measurennents, but required for other 
types. Further, the instrument package payload design load factors are much lower 
than can typically be realized with conventional means, because the shock and 

10 vibration levels they are exposed to are lower. This reduces the weight, and thus the 
cost of obtaining data. 

Further features of the invention will be described or will become 
apparent in the course of the foltowing detailed descriptbn. 

1 5 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described by way of example only, with 
reference to the accompanying drawings. In which: 

Rg. 1 is a top view of the de-orbit instrument package constructed In 
accordance with the present invention; 
20 Fig. 2 is a side view of the de-orbit Instrument package; 

Fig. 3 is an end view of the de-orbit instrument package showing a 
portion of the housing cut away; 
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Fig. 4 is a top view of the de-orbit instalment pacl^age in a rolsotic 

Interface; 

Fig. 5 is a side view of the de-orbit instrument pacltage in the robotic 
interface of figure 4; 

5 Fig. 6 is a graph showing de-orbit lifetime versus ^ecton speed of a 

simulation of a de-orbit of the de-orbit instrument padcage from an international space 
station; 

Fig. 7 is an end view of an attemate embodiment of the de-orbit 
instrument paclcage showing a portion of the housing cut away; and 
1 0 Fig. 8 is a flow chart of the steps for launching the de-orbit instrument 

pack^e of the present invention. 

DETAILED DESCraPTION OF THE INVENTION 

The instrument pacitage in accordance with the present invention 
1 5 employs payioad design load factors which are much lower thari can typically be 

realized with conventional means, because the shock and vibration levels it is exposed 
to are lower. This reduces the weight, and thus the cost of obtaining data. The 
principle of the instrument package is that it is given kinetic energy in addition to 
excess potential energy by a larger and more reliable launch vehicle than the existing 
20 sounding rocket. The instrument package can then utilize tiie excess energy in 

extending the duratton of the flight and in manoeuvring across the area of atmosphere 
above the earth. The kin tic nergy (orbital velocity) allows for longer duration vi wing 



of conditions at a particular aititude than would be possible with a sounding rocltet The 
excess energy allows lateral motion of the Instrument pacloge, resulting from the 
aert>dynamic forces t>eing generated. 

Refening to Fig. 1, the de-orbit instrument pacloge of the inventton is 

5 generally shown at 20. The Instrument package has a housing 22 (shown in figure 3) 
for housing the pacloge instruments and the scientific Instruments. In addition the 
housing, instrument pacioge 20 has a protective cover or thermal 15 such as thermal 
blankets, radiation shielding or handling protection as appropriate to mission 
requirements. The Instalment package 20 has an on board communteation system 

1 0 which comprises communications antenna 3 and communications electronics 4. The 
instrument package 20 Is provMed with attitude control system 13 for orientation 
control. The attitude control system 13 can have four reaction wheels in tetrahedral 
cluster. Altematively, the attitude control system 13 may have three reactton wheels, 
control moment gyros, magnetorquers, etc. The instrument package 20 includes the 

1 5 battery 8 for electrical power. Depending on mission power requirements, the 

instrument package optionally includes a body-mounted solar array(s) 9 (see Fig. 2). 
Typical instrument boresight 2 is shown as pointing toward earth. Data can be obtained 
through this viewing window. The instrument package has volume 1 for a payload or 
scientific instmment. 

20 The instrument package may be 'released' or launched from the 

lntematk>nal Space Station (ISS) by Special Purpose Dexterous Manipulator (SPDM) 
for sensing of characteristics of earth's atmosphere. The payk^ad or instmment 




package may be designed and built for iese mass (less material) than Is normally 
necessary for sounding rockets. Therefore, the instrument packag Is lighter than 
conventtonal devices. For example, the Instrument package may weigh less than 50Kg. 
The instrument package can be stored on a space station above the 

5 planet, for release and operation at any convenient time with respect to desired 
observations. The instrument package 20 may be 'launched' from the intematlonai 
Space Statnn (ISS) via Special Purpose Dexterous Manipulator (SPDM) micro 
interface 12 for on-orbit robotic manipulation release. Alternatively, the instalment 
package 20 may be launched via release from a ktek-ofF springs 1 1 . Prior to release 

10 the instrument package 20 may be held in place with a tie-down mechanism 10 on 
Space Statton. Tie-down mechanism 10 Includes in part a tie-down bolt 1 19 a tie down 
nut 120 which is robotically activated. Tie-down mechanism Includes a hard dock 
int«fa(» 121 which includes a tie-down shoukter 123 fomied In the tie-down 
mechanism and a con^sponding package shoulder 124. The package shoulder 124 

1 5 seats In the tie-down shoulder 1 23 when the tie-down bolt has been fully torqued. 
Instrument package also includes a soft dock mechanism 1 17, a soft dock Indicator 
118 and a robotic handling target 116. Instrument package 20 is also provkled with 
electrical connectors 122 for keep-alive power and data checkout while on Space 
Station. The spring launch mechanism 11 may form part of tie-down mechanism 10. 

20 The instrument package 20 does not include the spring launch mechanism 1 1 which is 
external to ttie housirig 22 and protective cover 15 and which Is left behind on Space 
Station after launch. 



Once the instrument package 20 is released from Space Station it wiil 
begin its decaying orbit to earth. At a selected altitude (based on the particular on 
board Instrument requirements) the instrument package 20 will deploy any additional 
aerodynamic surfaces 14, such as a parachute, needed to modify the descent orbit 

5 and then begin obtaining data by using cameras and/or other types of scientific 
instruments. Fig. 1 shows a volume for stowed parachute at 14. 

Some processing of the data may be done by the on board computer 7. 
The locatton of the instrument package Is determined from Global Position System via 
an antenna 5 and electronics 6. The data is transmitted to either a ground station, or 

1 0 back to the Space Station by the on board communications antenna 3 and electronics 
4. The Instrument package will continue obtaining data until it is commarujed to stop, 
or until its re-entry into the earth's atmosphere has overheated the components to 
cause failure. 

During ascent to Space Station, the instrument package may be held in 
1 5 place on board the Space Shuttle or other vehicle by launch tie-downs 1 0. Although 4 
separate points are shown In the Figures, the use of a single, larger tie-down is also 
possible. Altematively, the instrument package may be packed in foam and stored in 
Shuttle Mid-Deck Locker or elsewhere on the Shuttle or other vehicle. 

A robotic Interface or express pallet adapter for Instrument package 20 is 
20 shown generally at 50 in figures 4 and 5. Robotic interface 50 includes an interface 
plate 52 with alignment guides 54 extending upwardly therefrom for receiving 
instrument package 20. The interface plate 52 is tied down using tie-down rods 56. 
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An umbilical mate/demate device 58 is connectable to Instrument package 20. The 
umbilical device 58 Is operabiy connected to electrical connectors 60 on the express 
pallet adapter 50. The express pallet adapter also includes a handling fixture 62 

An example of the handling from the space shuttle to the Space Station 

5 and launch therefrom of the Instrument package 20 will now be discussed. The 
package 20 may be stowed In the shuttle with tie-down bolt 119 applying sufficient 
preload to secure four comers of package 20 to avoid separation under launch loads. 
The SPDM (Special Purpose Dexterous Manipulator) may be positioned over package 
20 using target alignment feature 116. The SPDM is attached to package 20 with 

10 micro interface 12 and release tie-down bolt 120 by untorquing robotically. 

Once the shuttle reaches the space station the package 20 may be 
position on the Space Station using the SPDM. over EXPRESS pallet adaptor (or 
equivalent). The package 20 is inserted into the tie-down mechanism 10 or coarse 
alignment guides and pushed to the bottom thereof. The balls of robotic soft dock 

1 5 mechanism 117 will sIkJe into grooves in release mechanism (which is permanently 
mounted to EXPRESS pallet adaptor). An Indicator for successful softdock 1 18 will be 
visible at target locatton (which can be obsen^ed by SPDM camera). Additional 
downv^rd force is applied to the package 20 by SPDM (sensed by force moment 
sensor on SPDM). The tie-down bolt 1 19 and nut 120 is then torqued using SPDM tool 

20 change mechanism, to prescribed torque level. The torquing action causes release 
springs 11 to be compressed. Tightening of nut 120 may continue until package 
shoulder 124 bottoms out on tie-down shoukier 123 on tie-down or release mechanism 
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10. Electrical connectors 122 are engaged to umbilical on the EXPRESS pallet 
adaptor which provides keep-alive power and some data monitoring. 

Once the users are ready to release or launch the package 20 from the 
Space Station the electrical connectors 122 are disengaged and the tie-down bo\t 120 
5 Is released to allow kick-off springs 1 1 to impart delta V to the package 20, The 
alignment guides or tie-down mechanism 10 reduces wobble. 

One method of launching the deorbiting instrument package finom the 
International Space Station or the shuttle or any other space orbiting platform is 
described generally in the flow chart in figure 8. Firstly the instrument package is 

10 released from the space orisiting platform. Once the instrument package is far enough 
away from the space ori!>iting platfomi so as not to cause any problems a chute is 
deployed. Thereafter the instrument package obits the earth and the scientific 
' instruments therein collect the data and transmit it to the communication receiver. The 
data may be transmitted to a receiver on the Intemational Space Station or to a 

1 5 receiver on the earth. It may be necessary to bounce the transmisston off a satellite In 
order before it reaches the desired receiver. Preferably the instrument package is 
destroyed above a predetermined distance from the earth to reduce the risk of any 
debris. One advantage of the instrument package herein is that both the package 
instruments and the scientific instruments can be checked prior to launch from the 

20 space platfomi. Where one or more of the instruments is non responsive the 
instrument package may be opened and where possible the instrument may be 
repaired. On the other hand if the instrument cannot be fixed that instrument package 
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vwll not be launched and the cost of the launch will be saved. 

The chute is used to speed the de-orbit process through deceleration 
until the chute disintegrates. The chute will also act to stabilise the instrument package 
about pitch and yaw axes, much as a gravity gradient design control system does. 

5 This initial control approach (prior to chute disintegrating) will reduce power 
consumption for the initial stages. The combination of chute and active control 
elements (reaction wheels/momentum wheels/magnetorquer) along with the GPS 
monitoring will allow for course corrections to system orbit. It will be appreciated by 
those billed In the art that In general the de-orbit Instalment package is not intended 

10 for either safe landing or recovery. That is, it is intended to disintegrate. The chute on 
the instrument package is Intended to reduce the time spent in orbit, prtor to 
disintegration. Its design is based on the speed with which the instrument package 
can get down to a specified altitude for data gathering. For the de-orbit instrument 
package, the chute is to modify the orbit, generally to increase the rate at which the de- 

1 5 orbit instrument package reaches near earth condlttons. It Is anticipated and desired 
that the de-orbit instrument package will heat up and be destroyed in the atmosphere, 
avoiding any landing. It is also antk;ipated that modifying the orbit will allow for lateral 
orbit manoeuvres. The detailed chute configuration, in combinatk)n with the delta V 
provided by robotic release, as well as the positkin of International Space Station at 

20 release time will determine the orbit range of the instrument package. 

In contrast prtor art chutes have been used for aerobraking. That is they 
have been used to slow down the space craft and modify the orbit for an easier 
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landing. 

The initial orbit of the instrument paclcage 20 will b similar to that of the 
Space Station or the Shuttle itself (which takes place over a significant portion of the 
populated planet of earth). It can be modified by a combinatton of initial launch 

5 characteristics and the aerodynamics of earth's atmosphere at altitudes below (by use 
of parachutes or other aerodynamic surfaces) in addition to small amount of control 
ability provided by any on board thrusters. A graph of the showing de-orbit lifetime 
versus ejection speed of a simulation of a de-orbit of the de-orbit instrument package 
from an international space station is shown in figure 6. The graph shows the lifetime 

1 0 after ejection as a function of retrograde ejection speed relative to Space Station. 
Typical release point from typical Space Statton orbit (station location at release, 
4126.2, 2725.8, 4596.5 km, velocity -5.905. 3.926, 2.959 km/s in Earth-Centered- 
Inertiai system). US Standard Atmosphere. Assuming an instrument package weight 
of 20 kg the lifetime is shown at 125 for CqA^.S m^ and at 126 for CoA=5 m^. 

1 5 The available time for data gathering provided by the instrument packag 

according to the invention is significantly extended compared to that provided by 
ins^ments using sounding rockets. For example, the a\«ilable time for observation 
can be several hours and days, rather than seconds or minutes. The extended period 
of observation is helpful for some types of measurements, but required for other types. 

20 However, it will be appreciated that the available time for data gathering will be 
significantly less that than provided by microsats which may by months or years. 

An alternate preferred embodiment of the instrument package is shown 
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generally In figure 7 at 130. The instrument package shown herein Is very similar to 
that shown In figures 1-5 and described above. Instrument package 130 has a base 
plate 132 and outer walls 134. The base plate 132 has stiffness and thennal inertia! 
properties that are greater than those of the outer walls 1 34. The base plate Is 
5 designed to have the package Instruments and the sdentlfte instruments attached 
thereto. Instrument package 130 has a centre beam 136. Centre beam 136 extends 
from the base plate 1 32 to the opposed outer wall. Preferably the outer walls 1 34 are 
in modules so that at least one nfK>dule may be removed to provide access to the 
instruments InsMe. 

10 The single, strong base plate 1 32 provides a simple themnal sink, which 

reduces electronic component failure potential, simplifying ttienfnal design. This strong 
base plate ensures that all vibratton sensitive components (and associated cabling) 
can be mounted to at the lower vibratton location (lowest Q-factor). This Is an 
extremely important consideration in tying down cabling and connectors. The centre 

1 5 beam support 1 36 provides an addlttonal 'hard point* for heavy components whteh 
should be mounted in centre (like batteries). The overall configuration allows for light 
weight external panels over frame structure, with a stiff base plate 132. The strong 
structural support for launch and robotic handling are coincident. 

In contrast conventional satellites and microsat components must be 

20 designed to sustain very high vibration levels due to the separation conditions from 
their rocket These high vibration forces (as from expbsive bolt separation 'kicks') are 
often very localized, but until the space craft design is complete, it Is often unclear if a 
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component will experience that high level, so it must be d signed to withstand it. 

It will be appreciated by those si<illed In the art that the instrument 
package provides more fle)dkHlity in the design of the payload. That is, for a given 
volume, the shape can be varied as needed for the on board instrument. The shape of 

5 the instrument package can also be modified to suit aerodynamic force considerattons, 
depending on the nature and objectives of the mission. The instrument package of the 
present inventton may be modular such that the nonsdentific instrumentatton will be 
standard (with changes to aerodynamic surfaces), but the shape of the Instrument 
package will be more inclined to be finee of distinct comers. The simple load/volume 

10 design allows for easy access to components within the instrument package. This 
affords quicker repairs to be made during integration and testing, as well as after arrival 

Further the instrument package 20 of the present inventk>n includes a 
number of advantages. For example, the release of the package from a manned 

1 5 orbiting space station allows for check-out and repair of the package fifom any damage 
that may have occurred during launch fix>m ten^strial environment, or under storage 
conditions prior to release from the space station. The potential storage of the 
package on a manned space station allows for check-out of the package to ensure its 
major systems have remained functional. There is the potential to repair these 

20 systems if they are damaged. The potential storage of the package Inside a manned 
space station, coupled with its relatively short operational life, suggests that the 
electronics devices will not have to be rad hardened. This results in lower cost, and in 
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the ability to utilize the most state of the art components. Further the pot ntial storage 
of the pacloge inside a manned space station allows the users to respond quickly to 
say unusual weather pattern occunrences such as an earth quake or volcano eruption 
and to begin collecting data very quicldy. 

5 The instrument package of the present invention can be used in a wide 

variety of application such as earth observation: either entertainment, scientific or 
military. In addition the skin of the instrument package may also include 
marketing/advertising logos which woukJ be viewable by Space Station and Mobile 
Sen/icing System (l\^SS) cameras during the launch and thereafter as long as tiie 

1 0 instrument package is viewable. 

Furttier. It will be appreciated by tiiose skilled in the art that although the 
launching requirements fertile instrument package 20 of the present invention are 
described in the context of being launched from the Space Station it could be launched 
from other types of space ships such as the shuttle. 

15 As used herein, the temns "comprises" and "comprising" are to be 

constmed as being inclusive and opened rather than exclusive. Spedficaliy, when 
used in this specification including the claims, ttie temis "comprises" and "comprising" 
and variations thereof mean that the specified features, steps or components are 
included. The temis are not to be interpreted to occlude the presence of other 

20 features, steps or components. 

It will be appreciated that the above description related to the Invention by 
way of example only. Many variations on the inv ntion will be obvious to those skilled 
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in the art and such obvious variations are within ttie scope of the invention as 
described herein whether or not expressly described. 
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